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I NTRODUCTION 
Determining the proper use of natural vegetation by livestock 
has been for many years a problem of much importance. With greater 
demands on our grasslands due to increasing population and exporta-
tion, coupled with the fact that many acres of good range land a.re 
being converted to cultivated f i elds annually, more stress is placed 
on our pastures and ranges each year. 
l 
A relatively new method of determining the amount of forage 
consumed by grazing animals whic h employs the height-weight rela tion-
ship of the grasses has been studied by several workers and s hows 
promise of being a factual and reliable means of expressing the degree 
of utilization. 
Pasture and range grasses vary greatly in treir growth form and 
height due principally to their geographic locati n . Riegel (1938), 
and Hopkins (1941) found tmt two species of range grasses produced 
the greatest height in the southern areas of t he Great Plains and the 
size decreased progressively northward. There is also great variation 
in the same species of grass in different habitats of the same area. 
Generally there is hjg her production in the more :iresic habitats than 
in adjlcent more zettic ones. Campbell (1937) found that forage pro-
duction varies greatly from year to year in the same locality; some y~ars 
the production doubled that of others. This is closely assoc i ated with 
variable climatic conditions which affect the height and other growth 
habits of the native vegetation, consequently in order to determine 
aecurately the amount of forage consumed by livestock with a fixed 
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measuring device, the data used in the construction of such an instru-
ment should be take n from the area where it is to be a pplied. 
Refined methods of measuring utilization, although not so 
important on obviously under-util i zed ranges, are most essential on 
those ranges where the rate of stocking approaches a critical degree 
and operators must accurately determine the amount of use in order to 
avoid over-util ization (Collins and Hurtt., 1943). 
A logical approach to t he ques~ion of how much fora ge is taken 
by livestock would be, it seems, to study first the growth habits of 
the important species of p:i.sture and range gras ses in the areas where 
they are used. 
The purpose of this report, therefore, was to study the develop-
ment of several species of perennial grasses in the mixed prairie of 
west-central Kamas from near the beginning of the grazing season 
until the grasses had reached maturity. 
No investigations, to t he knowledge of t he author, have been 
conducted to determine the relative amounts of stems and leaves pr_o-
duced by important range grasses. Research in height-weig ht relation-
ships of total fora ge production., hONever, has been investigated by 
several workers. The studies of Clark (1945), Collins and Hurtt (1943)., 
Lommasson and Jensen (1938., 1942, and 1943), Campbell (1942), and 
Crafts (1938) deal directly with height-weight relationships and 
probably have contributed most to this phase of range management . Reid 
and Pickford (1941) compared the height-weight method of determining 
utilization with another method of estimating the amount of forage 
eaten by livestock. Their work indicates that under certain condi-
tions of grazing, the ocular-estimate-by-plot method of determining 
utilization is more accurate than the height-weight roothod. 
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Utilization studies at Fort Hays Kansas State College in recent 
years indicate that more research in connection with height-weight 
determinations of utilization is needed in order to perfect this method 
for use in all intensities of grazing as well as for variable growth 
rates that occur from year to year (Albertson, Unpublished Data). 
DESCRIPTION OF AREA STUDIED 
The college pasture located 2.5 miles west of Hays~ Kansas was 
found to be an ideal location to conduct this study, not only for its 
convenient location but also because it is comprised of most of the 
important grassland types found in the mixed prairie. The area 
consists of approximately 828 acres of mixed prairie and about 20 
acres of undisturbed grassland set apart from the larger pasture by a 
road. The rolling topography is characteristic of much of we s t-central 
Kansas. I.ow annual precipitation, low relative humidity, and high 
wind velocities make the area semiarid in nature. Albertson ( 1937), 
described the area and divided the vegetation into three main types. 
The short-grass or Buchloe-Bouteloua type is composed of Buffalo grass 
(Buchloe dactyloides) and blue grama (Bouteloua graoilis) and these 
grasses form a dense cover on the nearly level uplands and recur on 
the heavy clay soi ls of the lower slopes. Where the slopes are 
characterized by a thin rocky soil the ve getation is of the little 
bluestem or Andropogon scoparius type. Little bluestem is dominant, 
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but soattered plants or clumps of big bluestem (Andropog_on furcatus) 
and more frequently open bunches of side-oats grama (Bouteloua ~-
pendula) often overtop and compete with t he dominant. The moist low-
lands character i zed by big b luestem were designated as the big bluestem 
or Andrepogon furcatus type of ve get atio n . Until the latter part of 
the great drought, before the effects of dusting and soil erosion had 
changed the composition of the ravines and lowlands, big bluestem 
comprised approximately 70 peroent of the grasses, with western wheat-
grass (Agropyron smi thii) and several other species present in small 
amounts. 
At present buffalo grass and blue gre.ma still occ ur mainly on 
the uplands, and where the hillsides are composed of a heavy soil 
(Fig. l). Also, the lowland areas with their deposits of topsoil have 
an understory of these grasses. Usually buffalo grass is the most 
al:undant of the short grasses in each location. 
Western wheatgrass instead of big bluestem now dominates as the 
upper story of vegetation in the lowland habitat. It occupies muoh 
of the ravines and also occurs in scattered consoc ies on the uplands 
(Fig. 2). This early growing rhizomatous grass came into its present 
status as a result of the great drought, when changes in the soil and 
prolonged overgrazing of the grasses aided in its entrance and gaining 
control, esi;ecially in the lowlands (Weaver and Albertson, 1943). 
Western wheatgrass is important for grazing because of its value as an 
early and late pasture when the other forage si;ecies are either immature 
or past the succulent stage. 
Sand dropseed (Sporobolus cryptandrus) may be found in small 
Figure 1. A view of the shortgrass type with its dense cover of 
buffalo grass and blue grama . 
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Figure 2. Dark areas of lowland western wheatgrass in the background, 
also dark spots on the uplands representing consocies of this grass. 
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isolated clumps almost anywhere in the short grass habitat, but gener-
ally it grows in great abundance on disturbed gentle slopes with deep 
soils (Fig. 3). This grass readily reole.ims many areas where the 
dominant short grasses are removed by fire, plowing , or dusting. Rab-
bits and small rodents have been found to be :important in t he spread 
of sand dropseed throughout disturbed areas (Brown, 1947). Widespread 
disturbances of the natural ve getation in the mixed prairie probably 
have aooounted for the maintenance of this s fl3 cies. 
The hilltops and hillsides which are characterized by a loose 
rocky soil still support a gocrl growth of side-oats grama, big blue-
stem, and little blue stem (Fig. 4). At the close of the drought little 
bluestem on the slopes remained only in the most mes ic locations. As 
a result the protected hillsides, where soil c onditions are unfavorable 
for the short grasses, support a bout e qual quantities of these three 
grasses (Weaver and Albertson, 1943). A large portion of the mixed 
prairie is made up of' loose rocky soils. Thus these gra sses contribute 
greatly to the forage production in this association. 
METHOD OF STUDY 
The seven grasses: buffalo grass, blue gram.a, western wheat grass, 
sand dropseed, big bluestem, little bluestem, and side-oats grama, 
which have been described with respect to types and habitats where they 
occ ur , were selected for study. In order that this investigation might 
be rmde, the grasses under consideration were protected from livestock 
grazing by exclosures which were set up in each of t he habitats. A 
careful examination of the pasture early in the growing season showed 
Figure 3. Typical ·new of' the disturbed area showing sand dropseed 
with an under story of' shortgrass. 
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Figure 4. A hillside in the little bluestem habitat with a rank growth 
of little bluestem, big bluestem and side-oats gram.a. 
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that growth conditions in each of the various habitats were fairly 
consistent, and the grasses in each of the exclosures were typical in 
growth habits of the grasses in eac~ habitat and, as a whole, repre-
sentative of the area. 
On June 7, 1947, the siudy was started by selecting 22 stations 
for the seven species of grasses. The number of plots for each of the 
grasses was based on the individual variation of each species, i.e., 
the greater the variation within a species the greater was the number 
of stations selected. 
Four plots each of buffalo grass and blue grama. were used since 
these gras~es occur in so many habitats. The stations were scattered 
from the extreme hilltop to near the lowland in order that the 
important variations might be included. 
Most of the western wheatgrass was restric t ed to the lowlands 
and a few isolated patches on the hilltops, therefore only 3 stations 
were set up for this species. Two were located in the lowland and one 
was situated in a small area on the uplands. 
The part of the sture controlled by sand drop seed was found 
primarily on gently sloping hillsides and no obvious variations were 
noted early in the sea.son, consequently two experimental sites were 
selected for this grass. 
Since big bluestem, little bluestem, and side-oats grama were 
found principally on the hillsides, three plots in undisturbed areas 
were selected as representative of each of these grasses. In order 
that the same plan-cs could be followed through the sea.son in their 
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development, each plot was marked with a small greenhouse stake and 
the individual plants were distinguished from the surrounding vegeta-
tion by a loop of white cord tied loosely at their base. Five to 
fifteen plants were marked according l y at each station. 
Weekly determinations of growth to the nearest¼ inch were taken 
until the close of the growing _season on the same stems and leaves on 
each marked plant. The s -ooms and leaves of the sod forming grasses 
were measured from the top of the crown, while the other grasses were 
measured from ground level. In determining t he length of drooping 
vegetation, the leaves were held in a vertical position so that the 
entire length could be obtained. Stem and leaf measurements were taken 
separately. 
Clipped samples representing the average condition of ea.ch species 
were o ol lected in the protected exclosures every two weeks . Bunches 
of grass consisting of 100 to 125 tillers were clipped for height-
weight and for moisture content determinations and smaller bunches 
comprising 15 representative plants were selected for stem and leaf 
sefl'!,ration. To avoid great inconsistencies the bunches were collected 
in nearly the same location at each clipping. The short grasses were 
taken each time from an exclosure on the high land. Results indicated 
that this location contained grass which was fairly representative of 
the short gra sses found in all the habitats. Western wheatgrass was 
clipped in the lowland each t:i.lne since most of the wheatgrass occurred 
in this habitat. Bunches of sand dropseed were clipped in a protected 
area near the center of the heavy growth of t his grass. Representative 
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clippings of big bluestem, little bluestem, and side-oats grama were 
made in the large protected area adjacent to the main pasture and from 
locations close to the stations used for increment studies. The grass 
was clipped as near to the ground or crown as possible with grass 
clippers, and great care was exerc i sed to insure trat the base ends 
remained even. The bunches were tied a t several points with string, 
whe reupon they were immediately wrapped with several thicknesses of 
waxed paper . The bunches were taken to the labor a tor y for weighing to 
determine t he water content and height-weight distribution. In all 
cases the clippings were weighed within two hour s after collection. 
This method proved satisfactory s ince comparisons of we ights taken in 
the f'ie ld with t hose i n the laboratory gave insignificant differences 
in results. After the weights had been determined the bunches were 
photographed. 
Ee.ch bunch was t hen prepared .for cutting into segments by 
arranging t he individual tillers so tr.at the base ends were even. In 
order to prevent possible slipping of' the plants during the cutting 
operation the bunches were held tightly together with several wrappings 
of rubber bands. A r a zor blade was used to cut each bunch into t he 
following increments starting at the base: 
½ inch segments in the first inch. 
1 inch segments from l to 10 inches. 
2 inch segments from 10 to 14 inches . 
3 inch segments thereafter. 
The sections from the bunches containing 100 to 125 tillers were 
placed in labeled paper bags and allowed t o air dry . When the samples 
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had dried to constant ?.eight they were wei ghed on chainomatic balances 
sensitive to 0.0001 gram. The weights of' the segments were totaled to 
determine the moisture content which was expressed as percentage of 
the moist weight. 
Height-weight curves were constructed from the data obtained 
from cutting the larger bunches into segments. The percent of the 
total weight at each increment was found by dividing the total weight 
of' the b unch into the weight of each segment. The curves were set up 
for each clipping on charts with the ordinate representing height in 
inches a n d the abscissa percent of total weight. The points were plot-
ted by starting with the height of the bunch as zero percent of the 
total weight. The percent of the uppermost se gment was plotted and 
t his was added to the weight of the following increment and so on, until 
the percentage of weight of each segment had been added to the cumula-
tive curve. 
The segments from the smaller bunches were se pa.rated into stems 
and le aves which were also placed in paper sacks. The air dry sample s 
were then weighed in a manner similar to that of the larger bunches. 
The stems of grasses are the parts of the plant made up of nodes 
and internodes; the former are solid and the latter are hollow or 
sometimes pi thy. The le aves of grasses are the parts consisting of a 
sheathing base and an expanded top or blade (Gates, 1937). Many of the 
floral parts of grasses such as the lemma and glwne are modified 
leaves, but the separation of these presented innumerable difficulties 
so in this study the entire inflorescence was considered as stem. 
Observations and notes were made weekly of the genera l condition 
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and apfearanoe of the grasses in each habitat. 
ENVIRON.MENTAL FACTORS 
The environmental oonditions influencing the development of the 
grasses during the grazing season were tabulated and considered under 
three main headings, precipitation, soil moisture, and mean air 
tempera tu res. 
Precipitation and soil moisture are the limiting factors affect-
ing the vegetation of the mixed prairie. It is generally aoce pted 
that the percentage of soil moisture above the hygroscopic coefficient 
is the amount available to plants. 
The t ota.l precipitati on for t he year of 1947, was 22. 65 inches 
which was only 0.40 inch below norrml while that for the growing season 
was 17.52 inches (Table I). The spring of 1947,was very moist, but 
was followed by a severe summer and fall drought. The situation was 
relieved somewhat by 2.06 inches of precipitation in August, but the 
effects were only temporary since the soil was extremely dry. 
Table I Inches of preoipitation for growing season and year 1947, at 
Hays, Kansas;. 
Month Total 
April May June July Aug. Sept. Six Summer Year 
Months 
2.22 5.31 6.98 o.s7 2.06 o.os 17.52 22.65 
The available soil moisture was quite hi gh to a depth of five 
feet until July. The amount in the first three feet ranged from 10 
to 18 percent during the period, but was slightly less in the fourth 
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and fifth feet (Table II). The available soil moisture fell off 
sharply with the advent of the drought in July and continued a steady 
decline until negative quantities existed early in September. Showers 
during the drought caused slight increases in the first 6 inches but 
were ineffective at lower depths. 
The monthly mean air temperatures for the growing season were 
slightly below normal during A-pril, May, June, and July (Table III). 
The mean was 5.l degrees F. above normal during August and 4.5 degrees 
F. above in September, which indicates that the latter part of the 
drought was accompanied by abnormally high temperatures. 
In general the climatic conditions, i.e., precipitation, avail-
able soil moisture, and air temperatures, were very favorable for 
gro.vth during April, May and June, but they became unfavorable during 
the remainder of the growing season. Much of the ve getation went into 
dormancy in July, while many late flo,wring grasses -failed to form 
heads or we re dwarfed cons ide ra bly. 
RESULTS 
Increment Studies 
The average maximum. height of the stems and leaves was determined 
by averaging the heights of the tallest stems and leaves of all the 
plants measured at ea.oh station. Hereafter, heights referring to 
increment measurements will be the average maximum height unless other-
wise stated. 
At the beginning of the weekly increment studies, the leaves of 
Table II Percent available soil moisture in the shortgrass type for growing season of 1947, at 
Hays, Kansas. 
Depth 
Inohes 5-6 6-10 6-24 7-9 7-16 7-22 7-29 8-5 8-12 8-18 8-25 9-8 
0-6 12.2 14.3 18.0 4.9 3.4 8.0 2.4 l.5 1.4 3. 9 8.9 -l.3 
6-12 ll.6 11.2 12.5 6.7 3. 9 2.1 0.6 2.2 1.6 3.5 1.6 0.2 
12-24 13.l 14. 7 12.3 7.7 5.2 4.5 3.6 2.5 1.1 1.9 2.4 -0.1 
24-36 11.3 13.2 10.8 8.5 7.7 5.4 2.9 1.3 -1.1 -0.9 0.5 -1.5 
36-48 9.7 13.3 10.5 8.4 7.6 5.7 3.2 0.4 -0.6 -o.s -0.3 -0.3 
48-60 6.5 10.4 8.2 7.3 7.8 8.4 5.0 -0.1 -o.7 0.3 -0.3 -1.1 
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Table III Monthly mean temperatures with departures from normal for 




























buffalo grass had reached a height of 6. 7 inches at the four stations 
and the stems were 3 inches tall (Fig. 5). The leaves of' buffalo grass 
grew steadily until July 5, whereupon elongation ceased at a height of 
9.5 inches. The measurements one week later showed that the leaves 
were shorter by 0.3 inch which was probably due to shrinkage and break-
ing off of' the brittle tips of the leaves. They maintained a height 
of 9.2 inches until August 2, but heights during succeeding measure-
ments became steadily shorter until September 6, when the final height 
was 8.8 inches, which was a loss of 0.7 inch from July 5, until the 
end of the season. The stems reached a peak of 6.6 inches on June 28; 
this however, was followed by a rather sharp decrease in height until 
July 12. A moderate weekly decrease was noted until the end ·or the 
season when the height of' the stems was only 0.4 inch. The stems of 
buffalo grass grew rapidly and after the pollen had be en dispersed 
the staminate flowers began to fall. Further drying of the stems caused 
many of them to shatter throughout the remainder of t he season. The 
pistillate flower stalks, which were rarely over 2 inches tall, shed 
-their seed and broke off in a similar :rmnner toward t he close of t he 
season but not so commonly as did the staminate flowers , which was due 
possibly to their originally shorter length. 
The leaves of blue grama were 8.8 inches tall on June 7, which 
was a little over 2 inches above the height of buf fa l o grass. Maximum 
height was reached on July 12, and remained fairly constant at 12.8 
inches until August 9, when a decrease of 0.5 inch was n oted. The 
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Figure 5. Growth rate in inches of the stems (S) and leaves (L) of 
the grasses found in the short grass type : Ser, sand dropseed; Bgr~ 
blue grama; Bda , buffalo grass . Note the rapid growth rate of sand 
dropseed in comparison with that of the short grasses. 
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when the height was 11.5 inches making a total loss of 1.3 inches. 
Again shrinkage and fragmentation of the dormant tips of' the leaves 
probably was responsible for the loss in height late in the season. 
Blue grarna stems were 0.5 inch at the first iooasurement and remained 
at that height until June 21, when elongation began. The stems con-
tinued to increase in length until they reached a height of 12.5 
inches on August 16. After the stems of blue grama had become mature 
no decrease in height was recorded, however they lacked 0.3 inch of 
being as tall as the maximum height of the leaves, before t he decrease 
in height. 
Sand dropseed made the most rapid growth of any of the grasses 
during the time -v.ti.en measurements were taken. The leaves were 11.2 
inches tall when the first heights were re corded and elongation con-
tinued at a moderate rate for the mxt three weeks . The inflorescence 
of sand dropseed remained enclosed in the sheath, consequently the 
terminal blade of each sheath was always taller than the stem during 
the growing period. The leaves reache d a maximum of 30.4 inches on 
July 26, but the height decreased progressively toward t he end of 
period of study due to the loss of the ter..ninal blade on each sheath 
when the upper portion of the plants began to show signs of dormancy. 
There were no stems during the first two weeks of June but growth 
commenced before June 21, and elongation was rapid until the stems 
reached a peak of 29.5 inches on August 9. A small reduction in height 
of the stems occurred toward the close of the season which resulted 
from the shattering of the delicate inflorescence tips. During the 
period of most rapid growth, the stems and leaves grew about 5 inches 
19 
eaeh week. 
Western wheatgrass had almost reached n:e.turity when the measure-
ments were initiated (Fig. 6). The leaves of t his species were scat-
tered along the stem and had attained a height of 24. 8 inches by 
June 7. They grew slowly until they had reached a maximum of 30.8 
inches on July 19. Due to shrinkage and breakage, the height decreased 
about l inch by the close of the season. The stems overtopped the 
leaves after the first record of heights. On June 7, the stems 
measured 22.2 inches and elongation was vigorous until June 28, when 
they were 37.5 inches tall. Reduction in stem length was slight for 
several weeks after maturity but following the August 2 measurements, 
the heads began to shatter at the tips which caused a loss of 2.7 
inches by the end of the study period. 
Big bluestem suffered the most noticeable effects of the summer 
and fall drought in that only a small percent of the plants produced 
stems. None of the marked plants we nt into inflorescence s ince head-
ing was observed only in small areas where, due to an accumulation of 
soil moisture, growing conditions were more favorable late in the 
season. The leaves were 9.5 inches in height at the first measurement. 
The plants grew f a irly f ast for the next three weeks, which was followed 
by an abrupt tapering off. The leaves reach.ed a maximum height of 
12. 5 inches on July 26. Shrinkage and broken leaf tips accounted for 
a sli ght loss in height near the end of the season . 
Little bluestem leaves had a growth rate very similar to big 
bluestem during the period of elongation . Leaves of little bluestem 
were 10.5 inches in height on June 7, which was l inch more tr~n gig 
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Figure 6. Rate of growth in inohes of stems (S) and leaves (L) of the 
lowland and little bluestem habitat grasses: Asm, western wheatgrass; 
Ase, little bluestem; Afu, big bluestem; Beu, side-oats gra..~a . All 
the grasses except big bluestem produced heads. 
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bluestem. The difference remained fairly constant until August 16, 
when due to the loss of tips the leaves of little bluestem were shorter 
than those of its more robust companion. The maximum height of little 
bluestem was 13.6 inches and remained at this level during the last 
3 weeks of July and the first v,reek of August. By the close of the 
season the leaves had lost about 2 inches of their tips due ma.inly to 
insect activity near the end of each blade. The stems of little blue-
stem appeared shortly after the beginning of the nea.surements. Growth 
was very slow until July, whereupon they began elongating more rapidly. 
The rate of growth fluctuated slightly until a maximum height of 11 
inches was attained on August 23, which remained constant for the 
remainder of the sea.son. 
Side-oats grama leaves were 9.0 inches tall at the beginning of 
the measurements, and growth continued until near the close of the 
season. Most of the elongation occurred, however, during June and the 
latter part of August, when the stems had reached their greatest 
height. The leaves were at a maximum of 12 inches on September 6, 
which was only 3 inches above the first measurement on June 7. The 
stems followed the pattern of little bluestem during the first six 
weeks of study, but grew more slmvly until August 23, when side~oats 
grama. elongated 3 inches by August 30, to attain a maximum height of 
13 inches for the season. 
Moisture Content Studies 
The moisture content of all the grasses was highest in the spring 
and decreased as the season progressed (Fig. 7). Buffalo grass and 
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Figure 7. Percent moisture oontent of the seven grasses determined 
on the moist weight basis : (1) big bluestem; (2) little bluestem; 
(3) sand dropseed; (4) side-oats grama; (5) western wheatgrass; (6) 
blue grama; (7) buffalo grass . 
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western wheatgrass contained 59.5 and 64.6 percent moisture, respec-
tively, on June 7, which was the season's highest for these two 
species. The other i'ive grasses reached a maximum moisture content on 
June 21, when big bluestem was high with 73 percent moisture, followed 
by little bluestem, sand dropseed, side- oats grama, and blue grama 
which contained 69.7, 67.0, 63,0, and 55.0 percent water respectively. 
The bluestem grasses were consistently higher than the other 
species in moisture content during the remainder of the season, 
especially during the latter ~rt of July and all of August. The big 
increase in moisture found in big bluestem on August 16, was probably 
a response to the precipitation occurring during that month. 
Buffalo grass and blue gra:rm. were practically alike in respect 
to their percentage of moisture during the see.son. Each was lower 
in water content than the other grasses especially during the early and 
latter pi.rts of the grazing season. 
The other grasses, western wheatgrass, sand dropseed, and side-
oats grams., too~ a position ge nerally bet.veen the two extremes of the 
bluestems with rather high moisture contents, and the short grasses 
with relatively low percentages of water. One notable exception 
occurred on August 2, when western wheatgrass was lower than all the 
other grasses, with 29.6 percent moisture. This grass showed a 
similar response to the precipitation in August as did big bluestem. 
At the end of the study big bluestem containing 19.5 percent moisture 
had the highest percentage and buffalo grass with 12.5 percent had the 
lowest. The difference of 7. 0 percent moisture was the smallest for 
the entire period. 
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A definite correlation exists between the moisture content of 
the vegetation and the percent available moisture of the soil during 
the period of study. In comparing Figure 7 which presents the moisture 
content of each species every two weeks during the study with Table 
II which shows the percent available moisture during the growing 
season, one finds that in June .men the amount of available moisture 
was highest, the amount of water in the vegetation was also at a peak. 
During July the amount of soil moisture decreased considerably, and 
this was closely followed by a corresponding drop in the amount of 
moisture in the grasses. The available moisture in the first six 
inches of soil was influenced considerably by the 0.87 inches of pre-
cipitation in July, but the vegetation failed to show a similar 
response. During August, however, two species showed an upward trend 
in water content due to the little over 2 inc hes of rain that fell 
during that month. The soil moisture in the first foot during August 
indicated that slightly better conditions prevailed for the plants . 
After August both the vegetation and the soil tended to become drier 
and drier until the soil contained a negative quantity of water as 
far as the plants were concerned and the vegetation had less than 20.0 
percent moisture. 
Height-lieight Studies 
The height-weight studies show generally that a shift upward in 
weight of the vegetation too~ place during the season (Figs. 8 - 11 
inclusive). This shift was progressive in some species, but was oiten 
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Figure 8. Representative bunches of each species clipped when the 
study was initiated. To follow the development of each grass, it is 
necessary to compare them in the series of photographs continued in 
Figures 9, 10 and 11. Bda, buffalo grass; Bgr, blue grama; Afu, 
big bluestem; Aso, little bluestem; Beu, side-oats grama; Asm, 
western wheatgrass; Ser, sand dropseed. 
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Figure 9. Representative clippings showing the development of the 
grasses four weeks following the first collection. See Figure 8 for 
meaning of the symbols. 
27 
- - -
Figure 10. A comparison of the development of the grasses eight weeks 
after the study was started. Figure 8 explains and symbols used for 
each species. 
Figure 11. Representative bunches of the seven grasses clipped 
fourteen weeks after the beginning of the problem. See Figure 8 
for the naioos respresented by the symbols. 
as 
erratic and inconsistent in others. Where elongation was the most 
pronounced, changes in plant weight distribution were most evident. 
29 
Buffa.lo grass had its greatest weight increase in the upper 
portion of the plants two weeks following the first measurements (Fig. 
12). The second and third clippings produced similar height-weight 
curves, while the fourth, fifth and sixth cuttings could be plotted on 
the same points. Had the tops of the grass been removed to two inches 
during the first measurement (June 7), only l percent of the forage 
would have been taken. Two weeks later similar treatment would have 
resulted in the removal of 43 percent of the herbage. During the next 
2 weeks, however, the amount above 2 inches increased only l percent 
over the previous determination, and from July 19 to the end of the 
season the amount of forage above 2 inches remained at 52 percent. 
From the data given above it can be seen tha t 31 percent of the total 
weight of buffalo grass shif'ted above 2 inches, while the height of the 
last bunch was only 3.5 inches taller than the first. 
Blue grama. had a height-weight distriwtion similar to that of 
buf'falo grass, except the curves of blue gre.ma were rather illogical 
in their arrangerrent during the la~ter part of the study . Variation 
in the collected samples, coupled with the presence of' heads at dif-
fere nt heights in the bunches probably accounts for these erratic 
results. The amount of herba ge above 2 inches more than doubled dur-
ing the fSriod of study while the height of the first 1:unch was 8 
inches and the last was 17 inches. On June 7 a removal of all the for-
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Fi gure 12. Height-wei ght curves for t he s hort grasses, western wheat -
grass and sand dropseed: ( 1) June 7; (2) June 21; (3 ) July 5; (4) 
July 19; (5) August 2; ( 6) August 16. 
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This changed to 61 percent by June 21 and to 59 percent by July 5. 
On July 19, 73 percent of the total forage was located above 2 inches, 
whereas the last two measurements showed a slight decrease since only 
68 percent of the total plant was above 2 inches. 
Western wheatgrass reached maturity about 3 weeks after the 
study was initiated. Since bunches were collected at 2-week inter-
ve.ls during the season the le.st 5 clippings serve to show only the 
variation within the species. On June 7, 49 percent of the forage was 
produced above 8 inches, while 2 weeks later 55 percent was found above 
the same height. Curves plotted from the 4 remaining measurements were 
not greatly different from the second one, except curve five which 
indicated that 60 percent of the total herbage was above 8 inches on 
August 2. This is a result of differences in t he individual plants 
since measurements indicated that elongation of this species had ceased 
several weeks prior to that date. 
Sand dropseed presented the greatest change in height-weight 
distribution of all the grasses during the period of study . The height 
of the bunches ranged from 10 to 33 inches during the six clippings, 
which accounts for the pronounced shift upward of forage weight. The 
weight above 6 inches increased rapidly with each clipping until the 
plants reached maturity showing a gain of 55 percent of the total weight 
of the plant above 6 inches during the season. On June 7, June 21, 
July 19, and August 2 the weight of the herbage above 6 inches was 
respectively 4, 17, 24, 53, 54, and 59 percent of the total weight. 
The height-weight curves for little bluestem indicate the largest 
shift in weight distribution between the first two clippings and again 
32 
between the fifth and sixth measurements (Fig. 13). By utilizing 
little bluestem to a stubble height of 4 inches on June 7, 23 percent 
of the forage would have been taken, while two weeks la. ter it would 
have been 39 percent. The third and fourth clippings indicate only 
slight increases in percent total weight above 4 inches whereas, 
results of the fifth and sixth clipping, due to variations in growth 
habits, were inconsistent and reveal that 50 percent and 48 percent of 
the growth was produced above 4inches. By August 30 elongation of 
little bluestemwas complete and 57 percent of the forage was above 4 
inches, making a cumulative increase of 34 percent of' the total weight 
of the plant above 4 inches during the 12 weeks period, while the 
height of the bunches increased from 11 to 17 inches during the same 
interval. 
Side-oats gre.ma was very consistent in its growth and develop-
ment with regard to height-weight distribution of the vegetation. 
Little difference existed between the clippings taken June 7 and June 
21, but succeeding measurements resulted in a steady upward shift of 
weight. The portion of the total weight of the plant above 4 inches 
on the first neasurement was 22 percent, two weeks later it was only 
23 percent and the curves for the third, fourth, fifth, and sixth 
clippings show that the amount of total forage above 4 inches was 
respectively 29, 34, 39, and 45 percent. These steady gains in weight 
above 4 inches were accompanied by steady increases in height of the 
1:unches which ranged from 10 to 22 inches during the 10 weeks period. 
The height-weight distribution of big bluestem was very much 
like that of little bluestem. Variation occurring in the plants 
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Figure 13. Height-weight curves for the grasses g rowing in the little 
bluestem habitat: (1) June 7; (2) June 21; (3) July 5; (4) July 19; 
(5) August 2; (6) August 16; (7) August 30 . 
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selected for clipping probably accounts for the inconsistent curve 
arrangement for the first 3 rmasurements, but the curves thereafter 
are arranged in a logical order. Production of herbage above a height 
of 4 inches was 42 percent of' the total weight for June 7, but it 
dropped to 34 percent and 41 percent for the next two clippings. 
Curves for the fourth, fifth, sixth, and seventh dippings s how amounts 
of 47. 57, 60, and 60 percent of the totalweig;ht above 4inches. By 
the close of the season an increase of 26 percent of the forage was 
being produced above 4 inches, and the height of the bunches had 
increased from 11 to 19 inches. 
Total Stem-Leaf Proportions 
Generally, as the season progressed the percentage of' stem to 
leaf increased, and the amount of stem e ven surpassed or nearly 
equaled that of the leaves in a few oases. Buffalo grass and big 
bluestem were notable exceptions since in the . former less stem was 
produced at the close of the study than at first, and the latter pro-
duced practically no stem except in isolated favored areas where 
moisture had accumulated. 
Figure 14 shows the proportion of total stem to total leaf for 
each species from June 7 until the grasses had reached maturity. 
The fluctuation of amount of stem present in buffalo grass was due to 
variation in the stem producing habits of this grass. 
Blue grama produced increasing amounts of stem during the grow-
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Figure 14. Perce ntage stem and leaf at two-week intervals . Read up 
left side of f i gure t o dete rmi ne amount of stem. Read down right 
side to find amount of l eaf . 
36 
percent of the total weight of the plant was composed of stem where-
as the third, fourth and fifth separations showed that the stem 
portion of this species had increased to 11, 18, and 29 percent 
respectively. 
Western wheatgrass produced the most stem of all the grasses 
studied. The first separation revealed that 32 percent of the plant 
was stem; this was followed by slight increases during the next four 
weeks, when the percentages for June 21 and July 5 were 38 and 41. A 
big change took place by July 19, when the amount of stem was 54 per-
cent, exceeding that of the leaf. The percentage of stem decreased to 
48 on August 2, hooever, which was probably due to shedding of the 
ripened seed. 
Sand dropseed was made up entirely of leaf on June 7, however, 
20 percent of the plant was composed of stem two weeks later. No 
great change occurred between June 21 and July 5, but the proportion 
of stem more than doubled by July 19. The final separation on 
August 2 showed that this species had 46 percent stem, which closely 
paralleled that of western wheatgrs.ss. 
Big bluestem was very atypical in its growth habits during the 
season of 1947. The drought had reached a severe intensity during the 
time when this grass normally produces heads and stems which might 
have started anywhere except in the more mesic depressions were · 
probably prevented from elongating due to the lack of available soil 
moisture. On the rolling hillsides where big bluestem is most conunonly 
found hardly any heading occurred and none of the plants selected for 
growth studies produced stems since they were located in what was 
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considered to be representative locations and not in favored areas 
which make up only a small fraction of the area supporting big b lue-
stem. 
Separations ma.de of representative samples during the season 
indicated that only on August 16 was any stem (l percent) produced. 
Stems were not present in side-oats grams. on June 7., however., 
about 1 percent of the plant was stem two weeks later and the percent-
age increased consistently until the grass had matured. The separa-
tions on July 5 showed that the plants consisted of 2 percent stem, 
while two weeks later the amount had increased to 7 percent . On 
August 2, 17 percent of the plant stem and 2 weeks later it had 
increased to 24 percent. 
Little bluestem was very similar to side-oats grama in stem 
production, however the f' ormer completed its growth about 2 weeks 
after the latter. Little bluestem had no stems on June 7, and l per-
cent on June 21. Two weeks later it had gained to 3 percent and the 
increase in stems continued through the last four separations of 
July 19, August 2, August 16, and August 30 when stem portions of the 
plants were respectively 17, 21, 24, and 32 percent. 
Proportion of Stem and Leaf of Total Plant at 
Each Increment 
Table IV shows the percent of stem and leaf of the total plant 
at each increment for buffalo grass. The upper part of Figure 15 
illustrates Table IV in graphic form. The units employed in construct-
ing each graph were calculated by using the percentage at each increment 
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Table IV Percent of stem and leaf of t he total plant at each increment 
for buffalo grass. The upper part of Figure 15 presents this table in 
graphic form. 
Height 6-7 6-21 7-5 7-19 8-2 
Inches Stem Leaf Stem Leaf' stem Leaf Stem Leaf stem Leaf 
8-9 0.1 0.1 
7-8 0.5 0.4 1.2 
6-7 0.l 1.3 1.9 1.3 3.5 
5-6 o.5 3.0 3.7 0.2 3.6 6.5 
4-5 l.2 1.7 5.3 7.6 o.5 7.2 10.7 
3-4 4.9 1.1 12.7 13.5 -l .3 12.5 15.7 
2-3 o.s 14.5 0.9 19.5 9.3 18.7 0.4 19.l 19.5 
1-2 6.7 31.4 1.5 26.6 4.1 19.6 4.6 23.5 o.6 21.1 
½-1 5.3 22.5 1.5 13. 9 1.2 8.3 2.1 12.8 0.1 10.1 
o-½ 1.2 11.3 2.5 8.3 6.1 5.8 2.1 8.3 0.9 10.0 
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Figure 15 . ( Top) . Stem and leaf proportion for buffalo grass at two-
week intervals during the study . The bars at each increment are 
proportional to the percentages in Table IV. 
(Bottom). Shows the same thing for blue grama and the 
bar s a.re proport i onal t o the pe r centages expressed in Table v. 
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as a function of the average height of the tallest plants in each 
bunch during the season. The lengths of the bars, therefore, are 
proportional to the percentages taken from the table. It i s believed 
that t his method has advantages over the conventional bar graph and 
certainly it is preferable to giving the percentages alone i n table 
form. The separation data for each of the seven spec i es has been 
treated in this roo.nner. 
The percentage of leaf of t he total plant at each increment 
for buffalo grass tended to decrease in t he lower two i nches as the 
plants increased in height. At t he close of t he growing season the 
weight continued to shift upward due to t he loss of the lower older 
leaves which were shed as the season progressed. The amount of stem 
at each increment during the season was very irregular and s howed no 
progressive increase as might be expecte d. Buffalo gras s plants are 
dioeoious, i.e., staminate and pistillate flowers are produced se parately 
and on different plants, also t here seems to be no homogeneous di stri-
bution of both types of plants throughout t he sod. In random sampling 
the proportion of the two types of flowers varied, con sequently t he 
data tend to illustrate the great dii'ferences i n the head characteristi cs 
of this grass. Buffalo grass seed due to its weight wou ld account for 
the large amount of stem present on June 7 and July 5. The samplings 
of June 21 and July 19 contained a relatively lar ge proportion of the 
tall staminate flowers. The stems which occurred in the last clipping 
were only remnants of staminate and pistillate flowerstalks. 
Blue grama leaves followed a trend s imilar to those of buffalo 
grass during the season, and again, the big change in form of the 
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bunch appeared between June 7 and June 21 (Table V, Fig. 15). The 
small amount of stem present during the first two clippings was suc-
culent meristematic tissue, which developed radidly during the 
rema inder of the season. The presence of heads is indicated on August 2 
by the relatively large percentage of stem be"bneen the heights of 9 
and 14 inches. 
Weste rn wheatgrass reached maturity early in the study, con-
sequently no significant changes in the grooth form of this grass took 
place after June 21 (Table VI, Fig . 16). According to the percentages, 
a decrease in amount of leaf a.t the base of the plant resulting from 
loss of lovrer leaves was evident through the season. The amount of 
stem at the top of the bunches increased progressively, then fel 1 off 
sharply, indicating that the seeds slowly gained weight then were shed 
rapidly. Considerable caution had to be exercised when the final bunch 
of western wheatgrass was o ollected to prevent further shattering of 
the brittle heads. 
Sand dropseed changed growth form rapidly during the sea.son, 
which was a result of vigorous elongation (Table VII, Fig. 17). The 
amount of leaf between 3 and 4 inches remained fairly constant but 
below these heights there was a progressive decrease, accompanied by 
an increase in the upper segments. After their appearance the stems 
continued to increase in amount until the plants had become mature. 
It has been mentioned previously that due to adverse clime.tic 
conditions most of the big bluestem produced in the area of study dur-
ing 1947, was not characteristic, in that all but a limited few of the 
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Table V Percent of' blue grama sterns and leaves at each increment from 
separations every two weeks. Compare with the lower part of' Figure 15 
which shows this table graphically. 
Height 6-7 6-21 7-5 7-19 8-2 
Inches Stem Leaf Stem Leaf' Stem Leaf Stem Leaf Stem Leaf 
14-17 1.0 
12-14 0.1 3.4 
10-12 0.1 0.2 o.6 3.7 0.2 
9-10 0.3 0.6 0.6 o.8 l.7 0.4 
8-9 1.0 o.9 0.3 1.5 1.1 o.s 
7-8 0.2 2.5 2.1 l.l 2.9 1.6 1.5 
6-7 0.3 5.0 4.1 1.1 4.6 2.2 2.9 
5-6 l.3 8.3 7.0 l.9 7.4 2.7 3.6 
4-5 3.8 12.2 11.4 2.4 9.6 1.8 6.9 
3-4 9.8 15.8 0.2 15.8 2.1 12 . 6 1.6 10.4 
2-3 21.2 18.4 0.7 19.6 2.2 15.5 1.9 13.3 
l-2 35.l 17.l 1.0 20.1 2.5 15 .5 2.8 15 .6 
l 20.5 8.2 0.9 8.3 2.6 5.8 2.0 7.3 
0 o.s 7.1 1.0 10.1 0.8 6.5 1.4 4.9 1.7 6.9 
i3 
Table VI Peroent of' stems and lflaves of total plant for western 
wheatgrass from separations made every two weeks. Figure 16 may 
be consulted for the graphic illustration of this table. 
Height 6-7 6-21 7-5 7-19 8-2 
Inches Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf 
32-34 0.4 3.5 0.7 0.1 
29-32 2.3 4.7 0.1 5.5 2.3 
26-29 2.1 1.9 l.3 6.4 2.5 0.2 
'23-26 0.1 o.8 0.9 1.2 3.9 3.2 0.1 l.5 l.7 
20-23 0.4 1.3 o.8 3.5 1.2 6.8 2. 1 0.1 2.1 5.0 
17-20 2.0 4.4 1.1 6.9 1.1 8.8 2.1 2.9 l.9 8.8 
14-17 0.1 9.0 1.1 10.1 2.2 8.5 2.1 7.4 3.2 8.8 
12-14 0.1 8.2 1.9 7.1 2.2 4.8 1.9 6.5 3.l 5.2 
10-12 l.4 8.9 2.6 6.4 2.8 4.5 3.l 5.9 3.8 4.4 
9-10 0.9 4.7 1.5 2.9 1.6 2.1 l.8 2.9 2.0 2.2 
8-9 1.5 4.0 1.7 3.0 1.7 2.1 2.0 2.7 2.4 2.0 
7-8 1.9 4.2 l.7 · 3.3 l.7 2.2 2.2 2.4 2.2 2a0 
6-7 2.0 4. 0 2.2 3.1 1.8 2.0 2.3 2.6 2.4 1.9 
5-6 2.2 3.8 2.6 2.8 2.1 1.6 2.6 2.5 2.5 1.8 
4-5 3.2 3 . 2 2.6 2.8 2.0 2.0 2.9 2.3 2.6 1.9 
3-4 3. 5 3.0 2.8 2.6 2.3 2.1 2.8 2.1 2.9 1.7 
2-3 3.5 2.9 2.9 2.6 2.4 1.9 3.0 2.1 3.2 l.5 
1- 2 4.3 3.l 3.3 2.3 2.7 l.9 3.3 1.8 3.3 1.8 
0-l 4.0 3 .0 3.3 l.9 2.6 2.1 3.8 1.3 3.8 1.3 
F--t-----------W~E~S~T~E~R~N:_WHErA_T_G_R_A_S_s __________ ,__---1 



















Figure 16 . Proportion of stem and leaf of western wheatgrass at the 
various heights. This is a graphic illustration of Table VI and the 
bars at each increment are proportional to the percentages given in 
the table . 
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Table VII Percent of stems and leaves of total plant from separations 
made every two weeks for sand dropseed. Figure 17 is a graphic 
illustration of the percentages presented in this table. 
Height 6-7 6-21 7-5 7-19 8-2 
Inches Stem Leaf Stem Ulaf Stem Ulai' stem Leaf Stem Leaf 
32-34 0.1 0.1 
29-32 0.7 0.3 
26-29 0.8 0.3 1.0 0.4 
23-26 2.5 0.9 1.2 Q.6 
20-23 3.2 1.6 3.1 l.5 
17-20 0.2 0.3 3.9 2.4 4.4 2.2 
14-17 0.1 1.2 1.3 3.7 2.8 5.0 3.9 
12-14 0.1 0.5 1.1 2.0 1.9 2.7 2.8 3.1 
10-12 o.3 1.7 0.9 3.9 1.9 4.5 2.6 4.5 
9-10 0.1 0.2 2.2 0.4 3.2 1.2 2.7 1.4 2.9 
8-9 0.4 0.1 3.6 0.2 4.1 l.4 2.8 1.8 3.2 
7-8 1.0 0.2 4.9 0.5 5.l 1.5 3.7 1.9 3.0 
6-7 2.1 0.3 6.4 0.6 6.4 2.3 3.7 1.7 4.3 
5-6 3.8 1.0 8.0 1.0 8.4 2.0 4.4 2.2 4.3 
4-5 8.6 1.7 9.5 1.6 9.2 2.5 5.1 2.3 4.3 
3-4 14.6 2.3 11.3 2.1 9.9 2.8 5.1 2.4 5.0 
2-3 19.3 3.2 12.5 2.2 9.9 3.2 5.1 3.0 4.5 
1-2 23.2 4.5 10.8 2.5 9.7 3.9 4.6 3.6 3.9 
0-1 27.l 6.5 8.3 4.7 7.5 5.4 3.5 4.4 2.4 
HT. 
INCNES SANO OROPSEED 
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Figure 17. Proportion of stem and leaf of sand dropseed at each 
increment i llustrated graphicall y from the percentages in Table VII. 
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plants failed completely to form stems. There was, however, a progres-
sive increase in the height of the leaves during the collecting period 
plus a corresponding shift upward of the weight, but only on August 16 
did any evidence of stems appear and the percentage was very small 
compared with the bulk of leaves (Table VIII, Fig . 18). 
Side-oats grams. leaves continued to increase in weight in the 
upper increments of the bunches, with corresponding losses near the 
base of' the plants (Table IX, Fig. 19). The plants shed the lower 
dormant leaves throughout the season. Stems first appeared as succulent 
parts of the plants on June 21, and remained in that condition until 
after July 5, when elongation started and proceeded rapidly. The 
stems increased slightly in we ight near the close of the season but 
not as noticeably as did some of the other grasses. 
Leaf growth of little bluestem wa s very similar to that of big 
bluestem (Table X, Fig . 20). Stem production, however, was significantly 
more in the former species. Like side-oats grarna, little bluestem. had 
small succulent stems on June 21 and July 5 after which elongation 
progressed fairly rapidly and at the close of the season a considerable 
portion of the stem was carried at the upper level of t he plant . 
Table VIII Percent of stem and leaf of total plant of big bluestem from separatioromade every 
two weeks. Compare with figure 18 which is a graphic illustration of this table. 
Height 6-7 6-21 7-5 7-19 8-2 8-16 8-30 
Inches Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf Stem Leaf 
17-20 0.2 
14-17 0 . 1 0.2 0. 5 2.1 
12-14 0.1 0,.1 0.1 0.3 1.7 2.2 4.0 
10-12 0.7 0.4 1. 2 1. 9 5.5 6.0 7.4 
9-10 l.5 0.9 l.8 2.5 5.2 5.1 5.5 
8-9 2.7 l.9 3.l 4.5 6.8 1.0 6.6 
7-8 4.8 3.7 .9 6. 5 8.3 8.6 7. 2 
6-7 7. 6 6.1 7. 6 8. 9 9.6 9.7 7.9 
5-6 10 .2 9. 4 10.1 l0.8 10.2 10.1 8.7 
4-5 13.2 12.2 ll.9 ll.5 9.9 916 8.9 
3,-4 15.7 14.9 12.8 12.7 10.0 9.4 8.9 
2-3 15.6 16.9 14.l 12.4 10.1 0.2 9.8 9.8 
1-2 15.3 16.8 15.5 14.0 11.1 0. 2 10.0 10.6 
0-1 12. 9 16. 7 16.9 14 .0 11.0 0l 4 11.2 11.9 IP-(X) 
HT. 
INCH BIG BL UE STEM 










Figure 18 . Graphic illustration of Table VII I. 
are present onl y on August 16). 
(Note that stems 
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Table IX Amount of stem and leaf Gf total plant of side-oats grama expressed in percent. Figure 
19 illustrates this table graphically. 
Height 6-7 s-21 · 7-5 7-19 8-2 8-16 
Inche s stem Leaf stem Leaf Stem Leaf Stem Leaf Stem Leaf ->tem Leaf 
20-23 0.3 
17-20 0.6 
14-17 0.2 l.6 0.1 
12-14 l.l l.7 0.2 
10-12 0.1 O.l 1.2 0.2 2.0 1.1 
9-10 0.1 0.1 0.4 0.4 0.5 0.1 0.8 1.3 
8-9 0.4 0.2 0.9 0.3 1.1 0.7 1.6 0.8 2.5 
7-8 1.2 0.4 2.7 0.3 2.3 o.6 3.7 0.8 4.l 
6-7 2.8 1.5 5.2 0.4 4.3 0.6 6.5 0.9 5.8 
5-6 6.3 4.6 8.7 0.3 7.8 1.2 8.7 1.1 7.8 
4-5 11.7 9.8 12.3 0.6 11.6 1.3 11.5 1.5 10. l 
3-4 17.3 15.8 15.4 0.7 15.7 1 •. 5 12.8 1.7 11.5 
2-3 21.0 21.3 17.9 0.7 17.9 1.9 13.5 2.3 12.4 
l-2 21.6 24.7 18.5 l.l 16.8 2.1 13.6 3.3 12.3 
0-l 17.5 1.3 20.4 l.8 16.2 2.6 14.9 3.7 10.6 4.l 7.5 
(11 
0 
SIDE- OATS GRAMA 
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Figure 19. Graphic illustration of Table IX showing the proportion 
of stems and leaves at each increment. The bars a.re proportional to 
the percentages taken from the table. 
Table X Little bluestem stems and leaves in percentage of total plant at each increment. See 
Figure 20 for the illustration of this table. 
Height 6-7 6-21 7-5 7-HJ 8-2 8-15 8-30 
Inches Stem Leaf Stem Leaf Stem Leaf Stem Leaf stem Leaf Stem Leaf Stem Leaf 
14-17 1.5 0.4 
12-14 0.4 0.2 o.3 0.5 2.3 l.7 
10-12 0.1 0.8 3.2 0.1 2.2 0.5 1.3 1.9 3.4 
9-10 0.4 o. s 2.0 3.5 0.4 3.3 o.5 2.4 1.5 3.3 
8-9 1.2 2.2 4.0 4.9 0.9 5.4 o.9 5.0 2.0 5.0 
7-8 2.6 5.l 6.1 6.1 1.2 6.5 l.4 6.8 2.5 7.1 
6-7 4.2 8.1 8.2 0.1 7.5 1.4 8.1 l.5 7.7 2.1 7.8 
5-6 6.2 11.1 9.9 0.4 8.6 1.3 9.3 l.8 9.0 2.2 7.5 
4-5 9.0 13 .2 11.7 0. 6 9.0 1.9 ll.1 2.2 9.7 2.6 7.2 
3-4 ll.7 14.4 12.4 1.2 9.0 2.8 9.0 2.4 9.4 2.5 6.9 
2-3 16.7 13.9 11.9 2.0 9.6 3.3 8.3 3.2 9.0 3.2 6.3 
1-2 24.5 14.l 12.6 2. 6 10 .6 3.5 7.6 3.3 7.9 3.9 5.2 
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Figure 20 . 
bluestem. 
Tab l e X. 
Proportion of stem and leaf at each i ncrement for little 
The figures a.re proportional to the percentages from 
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SUMMARY 
The development of seven species of perennial grasses was studied 
from near the beginning of the growing season of 1947, until the grasses 
reached maturity. 
The area of study comprised 848 acres of mix ed prairie which 
supported a good growth of all the species under consideration. 
On June 7, 1947, 22 study plots which were considered repre-
sentative of the pasture were staked out in areas protected from live-
stock grazing . Five to 15 plants at each station were marked in order 
that the same tillers could be follovred in their weekly deve lopment . 
Heights of the marked plants were taken each week during the 
season. 
Bunches of each species were clipped every two weeks. large 
whisks consisting of 100 to 125 plants each were used for moisture 
content and height-weight deterraination, while smaller bunches of 15 
tillers each were collected for stem and leaf separations. 
Records of the climatological data for the season revealed that 
grovfing conditions, i.e., precipitation, soil moisture, and air 
temperatures, were very favorable during April, May, and June, but 
unfavorable the latter part of the growing season. 
Results of the increment studies showed t hat leaves of buffalo 
grass grew to an average maximum height of 9.5 inches by July 5, but 
during succeeding measurements they lost o. 7 of an inch. The stems 
reached a naximum height in June and quickly shattered. 
Blue grama leaves attained a maximum of 12.8 i nches early in 
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July and a decrease in height was not noted until August. The stems, 
which were only 0.5 inc~es tall at the beginning of the problem, grew 
rapi dly and by early August were taller than the leaves. 
Sand dropseed made the most rapid growth of all the grasses. 
The oulms remained enclosed i n sheaths during elongation, which caused 
them to be shorter than the leaves. Loss of the terminal blade on 
each sheath late in t he season, however made the stems and leaves of 
this species nearly equal in height. 
Western wheatgrass, which was the tallest of all the species, 
had nearly reached maturity when the problem was initiated, however , 
the stems and leaves continued to elongate for three weeks following 
the first measurements. 
Big bluestem leaves grew to a maximum of ,l2.5 inches, but due 
to the summer and fall drought the marked plants failed to form stems. 
Little bluestem leaves paralleled big bluestem in their develop-
ment, although insects accounted for the loss of nearly 2 inches of 
the leaf tips. Stems of little bluestem appeared shortly after June 7 
and grew to 11 inches by August 23. 
Side-oats grama leaves grew steadily during the sea.son, but 
most of the elongation occurred during June and the latter part of 
August. The stems of this species elongated in a manner similar to 
those of' 1 ittle blue stem, however, at the clostl of t he season the stems 
of side-oats grama ~~re the tallest. 
The moisture content of all the grasses was highest in the 
spring and decreased as the season progressed. The bluestems maintained 
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a greater water content than did the other grasses. The short grasses 
were lowest with res_pect to moisture content, while western wheat-
grass, sand dropseed, and side-oats grama took a pos i t i on generally 
be tween the two extremes. There was also a close correlation bet~~en 
the moisture conte nt of the gra sses and t he amount of available so i l 
moist ure. 
The height-weight studie s revealed tm t as t he seas on progressed 
t here was a definite shift upward of the plant weight. Buffa.lo grass 
had i ts most pronounced change i n we ight di stribution two weeks follow-
ing t he f i rst measurements. 
Blue grama had a height-weight distribution simila r to that of 
buffalo grass. 
West ern wheatgra.ss whic h matured early, produced height-we ight 
cur ves t hat were not greatly d ifferent af ter the sec ond c lipping . 
Sand dropsee d presented t he great es t c hange in he i ght-we ight 
distr ibut i on of all t he gr asse s du r i ng t he p=iriod of study . 
The curves for little blue stem showed t he greatest upward shift 
of vegetative weight betwee n June 7 and June 21 , and aga in between 
Au gust 16 and August 30. 
The development of s i de-oats gram.a. was very cons i stent wi th 
regard to height-weight distribution. The curves are arranged i n a 
logi cal sequence through the season. 
The height-weight distribution of big bluestem wa s very s imilar 
to t hat of little bluestem, however, early measurements sh owed some 
variation. 
Most of the grasses developed increasing amounts of stem as 
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compared to leaf during the season . Buff'ale grass fluctuated in 
amount of stem due to its -variable culm forming habits. The repre-
sentative growth of' big bluestem had practically no stems. 
In the studies to determine the percentage of stem and leaf of 
the total plant at each increment it was found that buffalo grass 
changed considerably during the season. Early in the season it was due 
to elongation; later in the season, however, the change in growth form 
was caused by loss of basal leaves. There was great variation in the 
percentage of s t em at each segment. 
Blue grama leaf production at eac h increment paralleled that of 
buffalo grass al though t he loss of' lower le aves was less pronounced 
in the former. The stems of blue gram.a increased progress ively at the 
various heights during the season. 
After the first separat i on the changes in growth form of western 
wheatgrass was due to variations in the clipped samples, however, the 
loss of leaves at the base of t he plants was noted. The seeds attained 
their greatest weight from 2 to 3 weeks after the stems had completed 
elongation . 
Sand dropseed changed growth form in both stem and leaf pro-
duction rapidly during the season due to vigorous elongation. 
Although the stems of big bluestem failed to develop in repre-
sentative areas, there was a progressive increase in percentage of 
leaf weight in the upper increments of the plant111. 
Side-oats grama continued to increase in percentage of stem and 
leaf in the taller segments during the season; also there was a 
corresponding loss of weight in the lower parts of the plants. 
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Little bluestem leaves changed greatly in their growth fonn 
through the season, due to rather uniform upward shifts of weight. 
The stems also showed a considerable increase in weight in the upper 
segments of the plants. 
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